Pleural fluid cytology and pleural biopsy are the two most commonly employed diagnostic tests for malignant pleural effusions. Here, we have introduced a new diagnostic method, namely closed percutaneous pleural brushing, and have compared its diagnostic yield with those of pleural fluid cytology and pleural biopsy in patients with suspected malignant pleural effusion.
Introduction
Pleural effusion is a frequent complication of malignant diseases (1, 2) . A prudent approach to such cases is to obtain a pleural biopsy if the pleural fluid cytology is nondiagnostic (3, 4) . The diagnostic yield of the latter procedure, however, is not always satisfactory and has been variably reported to be as low as 30% and occasionally as high as 80% (5, 6) , depending on the type of the tumour (7) and the degree of pleural involvement (8) .
Closed pleural biopsy is not a perfect diagnostic test either because of its blind nature and inability to always obtain tissue samples from the affected sites of the parietal pleura (6, 9) . In addition, the visceral pleura is out of its diagnostic reach (9) .
Thoracoscopic biopsy under direct visualization and thoracotomy are useful in cases in whom the origin of the pleural effusion remains undiagnosed after thoracentesis and closed pleural biopsy (5) . They have been reported to have a high diagnostic yield (10,ll) . They are, however, associated with extra costs and at times are followed by unfortunate clinical consequences for the patients, especially in older ones (11, 12) . Thus, they should be reserved for selected cases (11) .
To avoid these unwanted extra invasive procedures and their associated morbidities and mortalities and to achieve a high diagnostic yield with a simple and safe procedure, we have introduced a new diagnostic approach, namely 'Closed percutaneous pleural brushings', and have compared its diagnostic capability with those of pleural fluid cytology and closed pleural biopsy.
Patients and Methods
Forty-three consecutive patients who presented with pleural effusion and whose course of illness was suggestive of a possible underlying malignant process were enrolled into the study. All cases signed an informed written consent. The chest roentgenograms and the chest computerized tomographic results were carefully reviewed to make sure that there were no grossly detectable parenchymal infiltrations, masses or atelectatic lesions. PLATE 1. The cytological brush (BC-1OC) being introduced into the pleural space via Cope's needle. PLATE 2. Cope's needle with cytological brush (BC-1OC) passing through its cannula.
All patients were placed in a sitting position, with arms crossed and resting on top of a table placed in front in a well-equipped fluoroscopy room. The heart rate and rhythm were electrocardiographically monitored. Patients were put on 334 1 of nasal oxygen. Oxygen saturation was carefully checked throughout the procedure by pulse oximetry. Cases were given 0.6 mg atropine intramuscularly. The posterior axillary line between the seventh and eight intercostal spaces was prepared with iodine and alcohol and local anaesthesia was achieved with 8-10 ml of 1% lidoCaine. A 3-5 mm incision was made in the selected space. Initially, thoracentesis was performed and 50 ml of the pleural fluid was sent for cytology, acid-fast and fungal standings and culture studies. Subsequently, pleural brushing was attempted. Cope's needle (the stylet was placed within the cannula) was introduced through the same incision site into the pleural cavity. The stylet was removed and a cytological brush (BC-lOC), which completely fits the Cope's needle cannula, was inserted into the pleural cavity (Plates 1 and 2). The entire length of the cytological brush was gradually passed into the pleural space and the brush was moved back and forth. Pleural brushing was performed three times and the specimens obtained were sent for both bacteriological and cytological studies. Finally, several pleural biopsy specimens were obtained using the same needle. One or more tissue specimens were sent for bacteriological studies (in sterile saline solution) and the remaining ones were sent for the histological studies (in 3.7% formaldehyde solution). Inspiration and expiration chest X-ray films were obtained following the pleural brushings and pleural biopsy to detect the induction of any possible pneumothorax.
FOLLOW-UPS
All patients (n=43) were followed up regularly for a mean period of 9.28 & 1.87 months. Thoracotomy was done in seven of them in whom all the studies were non-diagnostic.
STATISTICS
Only patients documented to have definite malignancy by the initial work-ups or during their follow-ups were included. Thus cases with non-specific pleuritis, those who proved to have tuberculous pleurisy and patients whose pleural effusions resolved spontaneously without any evidence of recurrence in their clinical follow-ups were excluded from the statistical analysis. In addition, specimens read to be suspicious for malignancy and those which were subjectively assessed by the pathologist to be inadequate tissue specimens were considered to be non-diagnostic. x2 (Pearson) and Fisher's exact test were used to analyse the data. A P value of less than 0.05 was considered statistically significant. Statistics were determined using SAS Program (SAS Institute Inc, Cary, NC).
Results
From 43 cases who were initially suspected to have a malignant pleural effusion, nine patients were excluded because two had tuberculosis, four had histological signs of non-specific pleuritis and three cases had spontaneous resolution of their pleural effusions. Thirty-four cases were finally documented to have malignancy. They consisted of 24 males and ten females with an age range of 49-73 years (mean 63.09 + 4.98 years). The characteristics of these cases with a definite diagnosis of malignant pleural effusion are shown in Nineteen effusions were on the left, 11 were on the right and four were bilateral. Six of 34 malignant effusions were haemorrhagic, but the rest were serofibrinous.
Of the 34 cases, 31 (91%) had definite evidence of malignancy from at least one of a combination of thoracentesis, pleural biopsy or pleural brushing (Table 2 ). These procedures, however, were negative or non-diagnostic in three cases patients (3, 10 and 22), two of whom underwent thoracotomy and were proved to have mesothelioma and the remaining one proved to have metastatic oat cell carcinoma by a repeat thoracentesis during his clinical follow-up ( Table 2 ).
The pleural fluid cytology was positive for malignancy in 23 (67%) cases. Two were reported to be suspicious for malignancy (cases 8 and 29); both of whom were confirmed to have malignancy by pleural brushing.
CLOSED PLEURAL BIOPSY
Closed pleural biopsy was diagnostic for malignancy in only 20 (58%) out of the 34 cases. All cases who were diagnosed by pleural biopsy, had a positive brush cytology too. Pleural fluid cytology, however, was positive in only 16 of these cases (Table 2) . In three cases, biopsy specimens were reported to be inadequate for diagnosis by the pathologist (cases 9, 15 and 19). All these three cases were diagnosed by brush cytology but only one (case 19) had a positive pleural fluid cytology.
COMBINATION OF THORACENTESIS AND CLOSED PLEURAL BIOPSY
The combination of pleural fluid cytology and biopsy was diagnostic in 27 (79%) of cases.
PLEURAL BRUSHING
Pleural brushing was positive for malignancy in 31 (91%) of cases (31/34). It was reported to be suspicious for malignancy in only one case (case 3) and was negative in two more cases (cases 10 and 22). Both pleural fluid cytology and biopsy were negative in these three cases. Two of them were subsequently reported to have mesothelioma following thoracotomy and the last one was proved to have metastatic oat cell carcinoma in his clinical follow-ups. Overall, the diagnostic yield of pleural brushing was significantly higher than those of either pleural fluid cytology (P=O.Ol) or closed pleural biopsy (P=O.O02); however, despite its higher diagnostic yield (91%) than their combination (79%), it did not turn to be of statistical significance (P=O.17). The diagnostic values of these three methods for each of the histopathological types of the underlying malignant diseases are shown in Table 3 .
COMPLICATIONS
Overall the complications were minimal and not associated with any mortality in either closed pleural brushing or pleural biopsy. They were, however, more frequently seen in association with closed pleural brushing (Table 4) . Transient pain, mild to moderate in severity, was the most common complaint and was noted in five cases (14.7%). Mild and transient hypotension occurred in two patients (5.88%) during brushing and one patient (2.94%) during the pleural biopsy. Hypotension was terminated quickly by putting the patients into a supine position. Occasional premature ventricular contractions (PVCs) were noted in two patients (588%) while undergoing pleural brushing, which did not require any therapy. A small pneumothorax was noted in two patients following closed pleural biopsy but it was not detected in association with pleural brushing.
FOLLOW-UPS
Two patients with metastatic adenocarcinoma expired. No autopsy was available. Pleurodesis was needed in 11 cases because of the development of progressive dyspnoea as a result of massive pleural effusion. No false-positive result was detected.
Discussion
The most important step in evaluating patients with suspected malignant pleural effusion is thoracentesis DIAGNOSIS OF MALIGNANT PLEURAL EFFUSlONS 663 (l-3,13). The yield of cytological examination of aspirated pleural fluid in patients with proven malignant effusions is variable, ranging from 30% to 80% (6) . High diagnostic yield may be observed for pleural effusions due to metastatic breast carcinoma (6,7) and in any type of tumour in which there is invasion of visceral pleura (8) . Pleural biopsy is considered next when the pleural fluid cytology is not conclusive (14) . It may be diagnostic in up to 60% of patients with malignant pleural effusion (4, 9) . This, however, has been questioned by others (6) . Repeated pleural biopsies may enhance the rate of diagnosis by 2-4% (7).
The diagnostic value of pleural biopsy is generally less than that of pleural fluid cytology (15) . This is because of the fact that seeding of the parietal pleura by the tumour cells is mandatory for biopsy to be positive and the biopsy may be taken from the unaffected sites (15) (16) (17) . Another limitation with closed pleural biopsy is that it spares the visceral pleura and can only obtain tissue samples from the parietal layer. Higher success rates of up to 90% may be reached when both pleural tissue and fluid have undergone cytological and pathological studies (9) . The yield of this combination was about 79% in our series.
In this study, closed pleural brushing had an overall positive diagnostic yield of 91% for all malignant pleural effusions. It was, however, 100% diagnostic for metastatic adeno and squamous cell carcinoma. The high success rate of closed pleural brushing may be attributed to its scattering or scavenger effect which can allow specimens to be taken from an extended area of the parietal as well as the visceral layers of the pleura.
Of 34 cases, two were finally proved to have mesothelioma after thoracotomy. None of them, however, was diagnosed by thoracentesis, pleural biopsy or pleural brushing. Although a solid conclusion about the ineffectiveness of pleural brushing for diagnosis of mesothelioma cannot be made by the present study, it still seems wise to accept open biopsy of the pleura as the best diagnosis method for this malignancy (18) .
In conclusion, closed pleural brushing via Cope's needle is a relatively safe, simple and well-tolerated technique with a high diagnostic yield for patients with malignant pleural effusion, and alternative procedures such as pleuroscopy and thoracotomy and their associated morbidities and mortalities could probably be avoided by applying this new technique.
